Abstract: Understanding the vulnerability of areas and the likelihood of specific disasters, particularly earthquakes, is one of the most important issues in Iran. One of the major concerns in Iran is the resilience of rural communities. The present study is devoted to spatial analysis of risk in rural areas and the evaluation of preparedness in the rural districts of the city of Abhar. In particular, this study evaluates the resilience to earthquakes. The research was conducted in two parts in which the first part has used the VIKOR Multiple criteria decision making model as well as the employment of this model in the ArcGis. The second part of the study used field studies, in the form of questionnaires, to evaluate the readiness of the local population against the risks of earthquakes. Four indicators, individual, physical, economic abilities and access, were assessed. The population included rural districts, where statistical samples were villagers. Results of the spatial analysis indicated that 15 villages are in the high-risk areas, 24 villages were in the medium-risk areas and all other villages were in low-risk areas. In terms of readiness of the locals, the results indicated a lack of planning with regards to the four mentioned indicators.
Introduction and Problem Statement
Evaluating natural disasters over the past century shows a sharp increase in both frequency and intensity. In fact, the number of reported disasters in the world has increased over 25% from 1900 to 2011 [1] . Natural disasters are similar to other shocks, such as political conflicts, because they cause large losses in terms of human life and loss of infrastructure [2] . According to the International Disaster Database, the number of accidents reported in the world have increased from 1690 to 3886 from 1980 to 2009 [3] .
Iran is considered to be among the world's most vulnerable countries due to its climate, geological characteristics and location. In addition, the disaster risk index of Nations Development Program (2004) indicates that Iran has the highest earthquake vulnerability in the world after Armenia. Amazingly, 31 of 40 types of natural disasters have occurred in Iran [4] . In fact, Iran is among the ten countries with natural hazards and is the sixth most earthquake-prone country in the world.
Earthquakes cause the highest human loss in Iran for various reasons, including the type of location, poor physical development and failure to comply with the necessary standards [5] . Earthquakes which occur in Iran are usually high magnitude spanning a width of 33 km and a depth of 50 km [6] . The earthquake hazard zone of Iran covers more than 90 percent of the country [7] .
Earthquakes pose major threats to the welfare and development of rural communities [8] . When a natural disaster (earthquake) happens, it leaves irreparable effects on the environment, society and economy of rural areas [9] . Rural communities are in a more vulnerable position than urban centers because they are less likely to have the resources to plan for the impacts of unpredictable events [10] . Poor infrastructure of rural settlements and socio-economic inequalities have led to spatial turmoil in the country's settlement network and have increased the villages' vulnerability to natural disasters. Given these vulnerabilities, attention to planning is essential [11] .
The Case of the Bam Earthquake
On December 23, 2003, Bam, Iran experienced a 6.5 magnitude earthquake. The earthquake resulted in more than 30,000 deaths, 20,000 injured and left more than 75,000 homeless. More than 85% of buildings were severely damaged or destroyed. Because of this catastrophic event, the importance of public awareness and community-based activities on reduction and management of disaster risk became evident to authorities. Thus, both government and non-government organizations created programs to promote public awareness and participation in earthquake risk reduction programs at both the local and national levels [12] . Small communities around the country became a focus for planning and risk management. Thus, the purpose of this study was to assess the spatial likelihood of an earthquake in North Central, Iran and the readiness of the villages to deal with an earthquake. 
Risk Management
There are many definitions of risk. Definitions originate from various sub-disciplines, such as health, environmental science, geography, communication and others. Within the field of geography, many of these definitions include references to the possibility of extinction, threats, high probabilities of incidents, favorable conditions for damage and actions which can lead to damage and/or serious injury [13] .
Risk is an opportunity to cause damage to a person or a valuable asset through the occurrence of an event or hostile action [14] . Risk or uncertainties have been defined as the probability or likelihood of an incident occurring and the consequences of that incident. Knowing the source of a risk is always important [15] . High-risk events can have devastating consequences [16] .
Risk management is the systematic application of management policies, procedures and practices to the tasks of establishing the context, identifying, analyzing, assessing, treating, monitoring and communicating. It is an iterative process. The management process is fairly prescribed and typically follows eight general steps: (1) Identify the risk, (2) Identify the causes, (3) Identify the controls aimed at reducing the likelihood or impact, (4) establish your likelihood and consequence descriptors, (5) establish your risk rating descriptors (i.e., low, moderate, high or extreme), (6) add other controls, (7) make a decision, and (8) monitor and review.
Earthquakes as a Form of Natural Hazards
Earthquakes have long been and are still considered one of the most dangerous natural hazards that a community can experience. They are typically associated and assessed as high risk. Earthquake risk is the likelihood that an earthquake will occur and the vulnerability of the community if it does occur.
The impacts of an earthquake leaves long-term social and economic damage to the environment. In fact, the earthquake may be considered as one of the deadliest natural hazards on the earth [17] . Most of the physical and economic damages of such incidents are due to lack of planning and poor building standards and infrastructures [18] . Strengthening building codes, enhancing infrastructure and educating the population are all measures that authorities can take to safeguard against the impacts of earthquakes.
After years of planning in relation to the risks of earthquakes, vulnerable structures and earthquake risk which have taken place separately in scientific and professional disciplines, it is now time for joint research with practical applications. Continuity and communication between municipal engineers, seismologists, geologists, mathematicians, computer science and risk management is not a simple task but efforts on projects which will improve science related to reduction of risks of earthquake are extremely useful and necessary [19] . In fact, the challenges associated with the allocation of resources to mitigate and rehabilitate and recover from natural disasters and man-made disasters are new theoretical questions for decision making in intertwined natural and human world [20] .
A new approach has emerged and emphasized a structured and political process to implement laws and regulations in order to reduce the vulnerability of earthquake hazards, especially in urban areas [21] . This is necessary for the preparedness of residents of both urban and rural areas. This preparedness is an efficient and cost-effective method, which can help in, reducing the impacts caused by earthquakes. Undoubtedly, preparedness to respond and cope with earthquakes is fundamental to crisis management [22] .
Preparedness includes measures aimed at improving safety of a destination [23] . In fact, preparedness in society to deal with earthquake is one of the most important factors in reducing earthquake damage. Removing the disaster is impossible but reducing its damages is possible and Community preparedness is considered as one part of the losses and waste reduction program [24] .
Large and very destructive earthquakes are rare but when they do happen can lead to massive destruction. Since these incidents are rare, it is difficult for people to fully understand the full risk and thus the need to fully prepare. The goal of readiness is increasing the ability of residents to cope with and adapt to the demands and challenges of risks and the response and recovery from the disaster [25] .
Community Resilience and Community Readiness
Disaster management training is meant to build competencies of disaster relief workers and volunteers about planning, response and recovery from disasters [26] . Assessment of disaster resilience using an index is often a key element of natural hazard management and planning [27] Community resilience denotes a community's ability to prepared itself in order to overcome changes and crises [28] . Community resilience is comprised of factors such as leadership, collective efficacy, social cohesion and place attachment. Physical components such as infrastructure and resources are additional aspects [29] [30] [31] . Resistance is an unlikely course for individuals and communities in the aftermath of disasters (see Fig. 3 ). [32] In fact, resilience theories exist for individuals, families, cities, communities, industrial sectors and even for physics and ecological systems [33] . The concept of community resilience describes the sustained ability of a community to take collective actions and to use available resources to selforganize, respond to, withstand, and recover from crises [34] . Norris and colleagues stated that community resilience emerges from four main capabilities; Economic Development, Social Capital, Information and Communication, and Community Competence [35] .
Natural Hazard Research in Iran
Fazelnia and colleagues (2015) evaluated and studied landslides in order to find methods to reduce damage caused by those in a study titled "Natural risks hazard zoning in rural areas using geographic information system emphasis on landslide factor (Case Study: Dohezar village of Tonekabon city)" [36] The results showed that 25.88 square kilometers of the total area had a very low risk potential, 54.09 square kilometers had a low risk potential, 92.57 square kilometers had a medium risk potential, 85.57 square kilometers had a high risk potential and 34.50 square kilometers had a very high risk potential.
Meshkini et al (2014) studied the vulnerability of urban areas in Tehran, in a study entitled "Analysis of seismic vulnerability of the urban fabric" [37] and evaluated a series of physical, social and environmental indicators. Results indicated that the community had medium to high levels of vulnerability and those levels of vulnerability were higher in the eastern and southern regions. In a later study, Farahani et al (2014) sought to measure social, economic, institutional, physical and natural capacities of dealing with the impact of an earthquake. Results suggested that in Abhar city, Sonbolabad village in Iran there were several inadequacies, which existed, related to (earthquake) in the rural areas of Iran [38] .
Qadiri and Nesbi (2015) evaluated risk vulnerability on a household level. They looked at mental attitudinal preparedness of households. In their study of Yazd, they examined preparedness of households to earthquakes using a quantitative method. They found that the level of mentalattitudinal preparedness of households is low overall and did not vary by neighborhood. However, the level of preparedness did vary by age, education, occupation, income and socio-economic status [22] .
The Study Site
Abhar is a county in Zanjan Province in Iran. The capital of the county is Abhar. In 2006, the country's population was 158,544. The county has one district, the Central District and three cities: Abhar, Sain Qaleh and Hidaj. Zanjan Province is an agriculturally based county; the main crops are corn, oilseeds, fruits and potatoes.
It has an area of 22,164 sq. kilometers and occupies 1.3% of Iranian territory. Abhar is located on the 48 degrees 32 minutes to 49 degrees and 26 minutes east longitude and 35 degrees 43 minutes north latitude. 
Research Methodology
The present study is an applied research study which is aimed at evaluating the level of risk in rural areas as well as the readiness of the local population to mitigate against earthquakes. Documents and libraries as well as field study were used to address the research questions and conduct the study.
Research Question 1: Spatial Distribution of Vulnerability
Ten indicators including (1) distance from rural health centers, (2) distance from urban health centers, (3) distance from roads, (4) distance from fire stations, (5) distance from active faults, (6) distance from minor fault, (7) distance from emergency centers, (8) population density, (9) soil type and morphology type and (10) slope, were used to evaluate the vulnerability of the village to earthquake.
Layers related to each of the indicators in ArcGis software were extracted and risk areas in the rural areas of Abhar city were identified by integration and implementation of the VIKOR model as one of the multi-criteria decision-making methods in ArcGis software. Then, the vulnerability of each of the villages was calculated. The results were entered into ArcGis software and were shown on a hazard map.
Research Question 2: Field Study
In regards to the field study, the study population consisted of Abhar city and Darsajin, Dolatabad, Saien Ghale, Houmenh, and Abharrud villages, which have the population of a total of 28024 people and 8227 households. Thus, the sample size was 379 individuals based on Cochran formula. A questionnaire was distributed to selected households (Table 5 ). Research questions were analyzed using T-Tests and one-way analysis of variance in SPSS. 
Operationalization of the Variables
With regards to operationalization of the variables, four indicators of readiness were measured: individual, economic, physical, and access ability. These measured the readiness of villagers to respond to the risks of an earthquake.
Validity of the Measures
Validity was measured with multiple methods. First, university professors were used to ensure the content and face validity of the 15 items on the questionnaire. In addition, a pre-test was sent to 15 professors and each of them responded to the questionnaire as well as sent their comments, corrections and deletions in order to improve the content validity of the constructs. Finally, Cronbach's alpha was used to assess the reliability which was used for internal consistency of the items. Table 2 contains the scores for each of the four indicators. Albeit the scores are low, they are still useable [39] . 
VIKOR multiple criteria decision making
This method is an effective multi-criteria decision making tool and is used to solve problems with incompatible criteria. This method is used particularly when the decision maker is not able to express his/her preference at the beginning of process. In this method, the decision maker looks for a solution which is the closest solution to the ideal solution.
This model has been around since 1984. It is based on moving to collective agreement and is generally used to solve discrete problems. This method has been developed for multi-criteria optimization of complex systems. This method focuses on categorization and selection of options and results in a compromised solution to a complex problem by identifying conflicting criteria along the way in order to help decision-makers reach a final decision. Here, the compromised answer or general "consensus" is the closest answer to reasonable answer.
The VIKOR model prioritizes or ranks options based on evaluation of criteria. In this method, criteria are not weighted but rather assessed. Options are assessed and ranked based on the identified criteria and the value of indicators. The final step is to rank options based on the final score. The main difference between this model and the models of hierarchical or network decisionmaking is that unlike these models, these are no pairwise comparison between the criteria and options and each option is assessed independently by one criterion.
The advantage of a VIKOR model is that expert opinions are not necessarily required in this model to evaluate options based on criteria and raw data can rather be used. There is no need for scoring by experts. For example, "road" criteria can be measured and can enter the model without requiring expert assessment. The main difference with this model and network analysis models is that network analysis is based on pairwise comparison criteria and options. With the VIKOR model, there are no paired comparisons in this model between criteria and options; each option is rather evaluated independently based on any criteria. The evaluation can be based on raw data or expert opinion. Thus, the main objective is to determine the weight and value of each option as well as their ranking. The VIKOR algorithm includes the following steps [ indicates the ratio of distance from the ideal solution of i-th option and means opposition with i-th ratio.
Rank the options
Obtain three sorted lists from S and R and Q in this step.
Select the final option
The optimal solution (compromise) is an option which has the minimum Q if the following two conditions are met:
A) The first condition is as follows:
In which A ( ) and A ( ) are respectively the first and second options and DQ = ( ) and i are the number of alternatives.
In case of violation of the first condition, both options are placed in optimal solutions B) The second condition is that A ( ) must still have the best rank in terms of S or R
In case of violation of the second condition, the set of optimal solutions will include the first to m-th options in way that m shall meet the following conditions.
Results

Research findings
In this research, the risk zones in the study area were initially determined using the VIKOR model in ArcGis in order to evaluate the amount of risk in the rural areas. The following steps were taken for implementation of VIKOR model in ArcGis:
Research Question 1: Spatial Distribution of Vulnerability
Step
1: Formation of a Location Decision Matrix
In this step, raster layers were created based on the number of criteria used in this study using spatial analyst and the distance tool. In addition, the Feature to Raster tool was used to convert vector layers to Raster layers and IDW interpolation tool was used to create Raster layer of population density. Raster layers of used indicators are shown in the following figure ( Figure 5 ). Step 3: Calculation of positive ( * ) and negative ( ) ideals
In this step, we found that different indicators have different effects on risk taking of rural areas. Some areas had a positive effect and some had a negative effect. Thus, we evaluated the distance between risky points within the ideal positive and negative points to determine the sky points. Given that all indicators have been aligned in a positive direction, only the ideal positive point was used which means villages with greater distance to these indicators have at greater risk of being impacted by an earthquake. In order to calculate the positive ideal of each criterion, the largest number of each layer was multiplied by the same layer in using the Raster Calculator tool.
Step 4: Utility (S) and regret (R) indicators
In this step, weights were obtained through the (AHP) technique and were applied to the criteria. In other words, the weighting operation was performed via the Raster Calculator tool and the weight of each indicator was multiplied separately by the standardized layers from the previous step. Weights of each of the indicators are shown in the Step 5: Calculation of (Q) indicator
This step involves the calculation of the final scoring indicator which is Q. The (Q) indicator must be between (0-1) and accordingly villages closer to zero are at a greater risk. Numerical value of the maximum and minimum Sj layer and Rj layer were inputted in the following equation in order to calculate the Q indicator in the GIS software. In order to further explore the risk of a village to an earthquake, value of Q indicator was calculated for each of the villages in Excel and its data were entered into GIS and interpolation of value of Q indicator was carried out using the Kriging tool. As shown in Figure 9 , Cheshin and Elgriz have a higher risk potential followed by the villages of Aliabad, Hesarghajar, Ghovojogh, Khorasanlou and Jodaqiyeh. All other villages had a lower risk potential (Figure 10 ). The results of the data analysis associated with each indicator to measure the readiness of villagers to deal with an earthquake showed. All four indicators were not significant. Concerning the physical indicator, the significance level was 0.320 which indicated a lack of significance. The significance level was 0.253 for the access indicator which indicated a lack of significance. The significance level was 0.069 for economic indicator which also showed a lack of significance. The final indicator, capability, indicated a significance level of 0.721 which also indicates a lack of significance with regards to capability and risk (Table 4) . 
= ( − )/( − ) + ( − )( − )/( − )
Finding 2: Descriptive Statistics of Readiness
Next, we examined the state of readiness of villagers against the risk of earthquakes. As it was mentioned, the status of assessed indicators was evaluated in form of four factors (individual abilities, economic status, the access and physical condition) from the perspective of villagers and then status of each of the evaluated items are presented from the perspective of villagers (Table 5) . A descriptive analysis was run to demonstrate the descriptive statistics. The status of the villages with regard to each of the mentioned indicators (individual abilities, economic status, the access and physical condition) was measured. The results showed that in relation to individual abilities, only two villages (Darsajin and Saien Ghale) were in a favorable situation in relation to mentioned indicator (mean score: 3.0395 and 3.0230, respectively).
In terms of economic status, the results showed that in general, the status of the all indicators were lower than the optimal level.
In terms of physical condition, the results showed that one village (Saien Ghale village) was in favorable condition (mean score: 3.2526).
Finally, the results showed that the access indicator was favorable for three of the five villages, Darsajin, Saien Ghale and Houmeh with mean scores of 3.3247, 3.1449 and 3.1349, respectively). In contrast, two villages, Abharrud and Dolatabad were at a disadvantage in terms of readiness (Table  6 ). It is also worth noting that the status of each of these indices was studied at the total level of villages using Anova test and Duncan's post-test. The results showed that in relation to the access index, the level of significance was equal to 000 and the value of the F test was 37.791, meaning that there was a significant difference between the villages in terms of the indicator. The villages were divided into three groups, the Duncan test revealed that Sayeen Qaleh village had an average of 3.3247 and was the most "ready" community. As opposed to the village of Dolatabad, which had a rating of 2.3421.
With respect to the physical index, the results showed that the level of significance for the total villages was equal to 000 and the value of the F test was 17.123. This means that the villages showed a significant difference in terms of physical index of readiness. The village of Sain Qaleh had an average of 2.5645 while Dolatabad had an average of 2.0850, indicating a less ready community. However, it should be noted that in relation to economic and individual indicators, there were no meaningful differences between the total village's perceptions of readiness.
Conclusion
Iran is considered as one of the most hazardous countries in the world with regards to earthquakes and seismic risk. This is problematic in general, but for many rural communities, it is even more problematic. Rural areas face heavier losses of life and greater property destruction typically. This is often a result of several factors: use of substandard materials, failure to comply with technical and engineering standards and lack of compliance of construction standards. In addition, rural communities are typically more vulnerable in terms of community resources, individual capabilities, community infrastructure and access. Thus, evaluation of the vulnerability and risk taking levels of villages is necessary to determine how government officials can help reduce and mitigate the impacts of earthquakes in rural communities. Thus, the aim of this study was to evaluate the risk of earthquake likelihood as well as village readiness in rural areas in Iran.
Abhar City was selected as the study site due to the likelihood that an earthquake will happen in the next decade. Abhar sits on an active fault and is also surrounded by multiple other faults. Initially, hazard zoning was carried out to evaluate the risk of earthquakes within the rural areas of Abhar. A Vikor model and ArcGis was used. The results of the final hazard zoning map showed that 15 villages were in the high-risk area (yellow area), 24 villages are in a moderate risk area (red area) and all remaining villages were in a low risk area.
Earthquake risk was evaluated separately and Q indicator was calculated for each village. The results showed that two villages had a moderate risk potential, while six villages were among the riskiest villages in Abhar. Given that villages are scattered across the city and had a significant populations within them, planning within these villages is necessary to help reduce the risk within these villages. The ranking of likelihood and readiness of the village will help decision makers prioritize which villages need education, training and planning first.
These findings also help emergency managers to be able to move villagers to less risky areas within the city, in the event of an earthquake. The revelation of these safe areas can provide information for elected officials to approve funding for enhanced building safety. If these areas are to be used for evacuation or shelters, investment in the infrastructure in this area can help to strengthen existing buildings to shelter villagers in the event of an earthquake. Textures and type of materials used, which are typically cheaper and less resistant can be enhanced.
Also, the results of this study find that in relation to the indicators (personal, economic, physical abilities and access) villagers are not highly knowledgeable or engaged in the readiness function of disaster management planning. In the 15 high-risk zones, villagers need to increase disaster management skills, knowledge, abilities and self-efficacy. In particular, two villages of Doltabad and Abharroud are in a far worse position with regards to readiness capacities than the other villages. These villages need immediate attention given they are situated in a high risk zone.
